Electrospun nanofibers present a new and rapidly growing research area due to their pronounced micro and nano characteristics associated with high surface area to volume ratio. Poly(styrene-co-acrylamide) and polystyrene polymers were synthesized by boiling temperature soap free emulsion polymerization in aqueous medium with potassium peroxosulphate as the initiator. The resulting polymers were dissolved in dimethylformamide and teterahydrofuran (DMF: THF) (4:1) to form polymer solutions that were electrospun into fiber mats with diameters ranging from 1.84 -2.53 µm and 5.01 µm, respectively. The fibers were characterized by Fourier transform infrared spectroscopy (FTIR) equipped with universal ATR sampling accessory (4000 -400 cm
Introduction
Electrospinning is a technique employed for preparing fibers having diameters in the range of 10 µm -10 nm using a high electrostatic field [1] . It is a widely employed method to produce polymer nanofiber mats with high surface area to volume ratio [2] . Electrospinning technology has attracted growing scientific interest for the preparation of fibers due to the affordability and versatility of this process and the unique properties of electrospun fibers [1, 3, 4] . Beside this technology, there are other methods used for fiber fabrication that include drawing [5] , template synthesis [6, 7] , phase separation [8] and self-assembly [9, 10] . However, phase separation and self-assembly techniques are time consuming in processing continuous polymer nanofibers. In drawing, only viscoelastic material that can undergo strong deformations while being cohesive enough to support the stresses developed during pulling can be made into nanofibers. Thus, the electrospinning process seems to be the only method that can be further developed for mass production of one-by-one continuous nanofibers from various polymers [11] .
Electrospun nanofibers have attracted much attention in various applications in recent years. Such applications include sorbents for solid phase extraction [12] , membranes [13] , filtration purposes [14] , chemical protective clothings [15] [16] [17] , reinforcement in transparent composites [18] , tissue scaffolding [19, 20] and other biomedical applications [21] , nanocomposites [22] , sensors [23] and nanoelectronics. Electrospun nanofibers possess high specific surface area, high porosity, small fiber diameter and low weight. However, for a successful electrospinning experiment, one needs to select a polymer that has the requisite characteristics of solubility and molecular weight.
A number of methods have been used for the synthesis of different polymers [24, 25] . Most of these methods have their peculiar advantages and disadvantages with high polymerization rate as a major setback. Numerous methods of surface modification or functionalization have also been studied [24, 26] . Most routes of surface modification of polymers with grafted polyacrylamide chains have been based on radical polymerization, using an oxidation-reduction initiation system (with ceric ion) [27] or a living radical polymerization (LRP) by coppermediated atom transfer radical polymerization (ATRP) [28] . It was shown that the grafting of acrylamide at the surface of hydrocarbon polymers could be conveniently initiated by near-UV irradiation of a photo-initiator previously absorbed at the surface of the polymer or by thermal decomposition of photo-generated hydroperoxides in the presence of the monomer in aqueous solution.
This work describes a simple method for the synthesis of poly(styrene-co-acrylamide) polymer using a boiling temperature soap-free emulsion polymerization process which makes colloid particles of polymer dispersed in water with styrene as the monomer, acrylamide as the functional monomer and potassium peroxosulphate as an initiator. Polyacrylamide, a water soluble and hydrophilic polymer is incorporated into polystyrene chain, a hydrophobic polymer in a single chemical reaction. The introduction of hydrophilic polymer chains such as polyacrylamide onto styrene copolymers may promote better diffusion of aqueous solution through porous structure and offer numerous potential applications [27] . This method of synthesis offers several advantages such as simplified operation and experimental set-up, shorter reaction time, good repeatability, etc. [25] when compared to other conventional methods. The resulting polymer was fabricated into fiber by electrospinning at ambient temperature and humidity conditions.
Experimental Section

Materials
Styrene (99%) and acrylamide (99%) were purchased from Sigma Aldrich (St. Louis, USA), potassium peroxosulphate (KPS) (98%) from Saarchem (Johannesburg, South Africa) and used without further purification. Methanol, tetrahydrofuran (THF), and N, N-dimethylformamide (DMF) were purchased from Merck Chemicals, (Wadeville, South Africa) and were reagent grade. Ultrapure water from MilliQ system was used throughout.
Polymer Synthesis
Poly(styrene-co-acrylamide) (PS-AAm) and polystyrene (PS) were synthesized by a boiling temperature soap-free emulsion polymerization in a three-necked flask equipped with a reflux condenser and a mechanical stirrer immersed in silicone oil bath [25] . For the synthesis of the polymers, different monomer mole ratios and acrylamide were added to 100 ml ultrapure MilliQ water. The mixture was stirred and allowed to boil under reflux after which 0.2 g of KPS was added as the initiator. The reaction continued for 3 h, after which it was stopped. Table  1 shows the list of polymers synthesized, amount of reagents used and remark on their solubility in different solvents and solvent mixtures during washing. The synthesized polymers were dried in rotary evaporator (BÜCHI Rotavapor R-114). The polymers were washed by dissolving 1 g in 10 ml of tetrahydrofuran, stirred until complete dissolution and then precipitated with 40 ml of methanol. The precipitate was filtered, washed in methanol, and dried overnight in an oven at 70˚C.
Electrospinning
Fibers were electrospun from solutions of 5 wt% and 10 wt% polymers in a solvent mixture of DMF/THF (4:1) which was prepared by dissolving 250 mg and 500 mg, respectively of poly(styrene-co-acrylamide) in 5 ml of DMF/THF (4:1). Also, 5 wt%, 10 wt% and 20 wt% unmodified polystyrene solution was prepared by dissolv- ing 250 mg, 500 mg and 1g, respectively of PS in 5 ml of DMF/THF (4:1). The solutions were subsequently stirred for 24 h to ensure homogeneity and transferred into a 10 ml glass syringe, Poulten GmbH (Berlin Germany) equipped with a steel needle with a diameter of 0.5 mm. The needle was connected to a high-voltage supply capable of generating voltage up to 25 kV. Polymer solution was feed at 0.010 ml/h in most cases and controlled using an automatic syringe pump (New Era, NE-1000), at voltage of +15 kV and −5 kV. Fibers were collected on a copper plate pasted on an aluminum foil at the back of a round rotating disc. The collector was placed 15 cm from the tip of the needle and the solution in the tip of the needle ejected under strong electric field.
Characterization
The morphology of the electrospun fibers was evaluated using scanning electron microscopy (TESCAN VEGA TS 5136 LM) with Scandium software. Samples for the SEM were prepared by placing the fiber on a plate, followed by vapour-deposition of a thin layer of gold. Fiber diameter was measured from an average of 20 fibers. Fourier transform infrared spectra (FT-IR) were measured with a PerkinElmer spectrum 100 FT-IR spectrometer equipped with a universal ATR sampling accessory. Thermal behaviour of the fibers was investigated using PERKIN-ELMER TGA 7 Thermogravimetric Analyzer with PERKIN-ELMER TAC 7/DX Thermal Analysis Controller. The analysis was performed with 1 -2 mg sample in a dynamic nitrogen atmosphere with heating rate of 10˚Cmin −1 from room temperature to 650 ˚C.
Results and Discussion
Synthesis and Characterization
Poly(styrene-co-acrylamide) and polystyrene polymers were successfully polymerised using a boiling temperature soap free emulsion polymerization. This polymerization process provide further benefits including a reduced reaction time of less than 4 h without constant stirring and flow of nitrogen gas as in the conventional method of polymerization. It offered a practical advantage in that the acrylamide was successfully incorporated into the polystyrene chain in a single step reaction. Polymerization of styrene and acrylamide in ratio 1:1 resulted in a hard plastic polymer that was insoluble in THF and most solvents and solvent mixtures including water. As the volume of styrene in the polymerization reaction increased and the mass of acrylamide decreased, solubility of the poly(styrene-co-acrylamide) formed in THF also increased. Thus, the PS-AAm formed at ratio 10:1 (PS:AAm C ), 15:1 (PS:AAm D ) and 20:1 (PS:AAm E ) were all soluble in THF except 5:1 (PS:AAm B ) which was insoluble in THF but soluble in a solvent mixture of THF and water in the ratio (15:1). This could be attributed to the fact that polystyrene is a non-polar polymer with a glass transition temperature (Tg) around 100˚C [28] and polyacrylamide is a water soluble hydrophilic polymer.
Subsequently, the polymer was electrospun to fibers of different diameters except PS-AAm A that formed a plastic material that was insoluble in most solvents and solvent mixtures. This method of modification of styrene with acrylamide is a promising method for synthesis of poly(styrene-co-acrylamide) and other hydrophobic polymer modified with hydrophilic polymers such as acrylamide at reduced polymerization time for possible and various applications. Polystyrene has been identified as the most frequently used polymer due to its several advantages that make it suitable as hydrophobic encapsulation materials in biomedical applications. Also, it is cheap and can be functionalized [29] .
FT-IR Spectra
Infrared spectra of the electrospun fibers are presented in Figure 1 . The spectra of the different poly(styreneco-acrylamide) formed i.e., PS-AAm B, PS-AAm C, PSAAm D and PS-AAm E are all very similar but are rather different from the spectra of polystyrene (PS) without acrylamide modification. No remarkable changes were observed between the spectra of the four modified polymer probably because of the small concentration of acrylamide used when compared to the styrene monomer unit except PS-AAm B (5:1). In PS-AAm B spectra, there are characteristic and intense peaks found at 3200 cm −1 , 1710 cm −1 , 1430 cm −1 and 1024 cm −1 indicating the N-H stretching, C=O stretching and C-N stretching due to acrylamide group. In addition, the peak at 774 -765 cm −1 band represents the out of plane bending of the weak bond N-H. These characteristics peaks were observed and prominent in the FT-IR spectra of PS-AAm B (5:1) and slightly in PS-AAm C (10:1) but totally absent in PS-AAm D (15:1), PS-AAm E (20:1) and PS spectra, respectively.
Scanning Electron Microscope (SEM)
The morphology and size of the electrospun fibers produced as measured by a scanning electron microscope (SEM) are shown in Figures 2(a)-(f) , respectively. 10 wt% PS polymer solution at feed rate of 0.010 ml/h resulted in the formation of beads (Figure 2(a) ) while there was the formation of fiber when the polymer solution and feed rate was increased to 20 wt% and 0.020 ml/h (Figure 2(b) ). These observations differ from what was reported [28] at 20% PS, where the structure con- sisted predominantly of beads with a few incipient fibers. It was reported that higher polymer concentrations (25 and 30 wt%) resulted in larger fiber/bead ratios and at 35 wt%, only fibers were obtained. There was no flow of the polymer solution from the tip of the needle at 20 wt% and 0.010 ml/h feed rate. It has been reported that formation of beads along the fibers typically occurs during the electrospinning of PS but can be avoided by the appropriate choice of parameters. It could also be prevented by increasing the polymer concentration (which resulted in larger fiber diameters) or by increasing the electrical conductivity of the spinning solution [30] . This is in line with what was obtained in this study.
Electrospun PS-AAm C and PS-AAm E resulted in the formation of fibers at 0.010 ml/h feed rate while PS-AAm B and PS-AAm D resulted in the formation of beads at the same feed rate and even when the feed rate was increased to 0.020 ml/h (Figures 2(c)-(f) ). This indicated that feed rate and polymer concentration affects the morphology of electrospun fibers. The beads observed in PS-AAm B and PS-AAm D could be attributed to some of the processing conditions such as solution concentration, polymer molecular weight, solution viscosity, solution conductivities, solution surface tension, applied voltage, distance of electrode from the target substrate, electric field, solution flow rate, temperature, humidity and solvent volatility [30] [31] [32] . The beads observed have a wrinkled, raising-like surface texture that is similar to what was reported in the past [4] . Experimental observations in electrospinning confirm that for fiber formation to occur, a minimum polymer concentration is required. Below this critical value, application of voltage results in electrospraying or bead formation primarily due to a Rayleigh instability. At these low concentrations, an insufficiently deformable entangled network of polymer chains exists. As the polymer concentration increased, a mixture of beads and fiber was obtained. Further increase in concentration resulted in the formation of continuous fibers [28] .
Fiber diameter is one of the most important quantities in electrospinning. Since fibers resulted from evaporation or solidification of polymer fluid jet, the fiber diameter will depend primarily on the jet size as well as the polymer content in the jet [11] . For a given molecular weight, it is an established fact that fiber diameter increases with polymer concentration [31] . The SEM image showed that very long fibers were formed having varying diameters. 10 wt% PS solution resulted in the formation of beads while increasing the concentration to 20 wt% resulted in fiber formation without beads with an average diameter of 5.01 µm. 10 wt% polymer solution of PS-AAm C (10:1) and PS-AAm E (20:1) also gave fiber with an average diameter of 1.84 µm -2.53 µm (Figures 2(d)-(f) ). 5 wt% polymer solution of both functionalized and unfuctionalized polystyrene resulted in beads formation at 0.010 ml/h feed rate. One of the most significant parameters influencing the fiber diameter is the solution viscosity. A higher viscosity resulted in a larger fiber diameter [33] . However, when a solid polymer is dissolved in a solvent, the solution viscosity is proportional to the polymer concentration. Thus, the higher the polymer concentration, the larger the resulting fiber diameter [11] . Also, a higher applied voltage ejects more fluid in a jet, resulting in a larger fiber diameter [33] , which was obtained when the PS polymer concentration was increased from 10 wt% to 20 wt% in this study.
It can be shown however, that the higher the amount of styrene in the polymer, the higher the average diameter of the fiber formed. Thus, the range of diameter of PSAAm C (10:1) was 1.84 µm -2.31 µm while that of PSAAm E (20:1) was 2.48 µm -2.53 µm, respectively. This is in agreement with what was obtained [1] where aligned fibers having diameters in the range of 1 -10 µm were formed. Reference [4] also obtained fiber diameter ranging from 0.3 -2 µm and pointed out that the fiber diameter increased with increasing polymer concentration according to a power law relationship. [32] , however, also found that the fiber diameter was proportional to the cube of the polymer concentration. Another parameter which affects the fiber diameter to a remarkable extent is the applied electrical voltage. All these can be said to have contributed to the size of the fibers obtained in this study. Thus, optimization of these parameters will result n the formation of fiber mats in nano scale level. i 
Thermogravimetry
Polystyrene is an amorphous polymer with a glass transition temperature (Tg) around 100˚C. The weight loss on heating the electrospun fibers was measured using thermogravimetric analysis. The thermal behaviour of the fibers was examined up to 650˚C. In all the TG curves, rapid weight loss was observed around 356˚C, and no further weight loss above 437˚C in PS and PS-AAm, respectively (Figures 3(a) and (b) ). It was observed that the thermal stability of PS-AAm is slightly higher than that of pure PS without the amide modification. The observed weight loss was due to the degradation of the fiber mats which are mainly organic.
Conclusion
The aim of this study was to describe a simple boiling temperature soap-free emulsion polymerization for the synthesis of poly(styrene-co-acrylamide) at reduced polymerization time. FT-IR characteristic of the polymer showed that there was acrylamide group on the styrene. Thus, acrylamide was successfully incorporated into the polystyrene chain prior to electrospinning. Electrospun fibers of different diameters were fabricated from the styrene and acrylamide of different mole ratios to give poly (styrene-co-acrylamide), some of which resulted in bead formation. Many parameters can influence the transformation of polymer solutions into fibers through electrospinning. These parameters include: 1) the solution properties such as viscosity, elasticity, conductivity, and surface tension; 2) governing variables such as hydrostatic pressure in the capillary tube, electric potential at the capillary tip, and the gap (distance between the tip and the collecting screen); and 3) ambient parameters such as solution temperature, humidity, and air velocity in the electrospinning chamber. Variation and optimization of these parameters will results in fiber of different nanometer sizes that can have diverse and various applications including drug delivery, electrical and optical application etc. The poly(styrene-co-acrylamide) fiber formed is anticipated for diverse application such as Solid Phase Extraction (SPE) materials, filters, textile etc.
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